INTRODUCTION
The incidence of gastrointestinal infectious and invasive diseases in Afghanistan is exceptionally high, which is mainly influenced by soil and water contamination [1] , a limited number of households obtaining drinking water from controlled sources and having improved sanitation facilities, a large number of asymptomatic carriers of contagious and parasitic diseases, and mass migration [2] . Owing to limited diagnostic capabilities of the Afghan health care, reports on the prevalence of diseases in the general population are rarely laboratory-confirmed. An improvement in the health status of the Afghan population is additionally restrained by poor public awareness of the principles of hygiene and disease prevention [3] .
It is estimated that the rates of bacterial and viral diarrheal illnesses as well as the prevalence of intestinal parasitic infections are high among inhabitants of Afghanistan. According to the U.S. Department of Defense, the rates of amebiasis in the general population reach 3 %, giardiasis has been found in nearly 11 % of the surveyed children, and as much as 90 % of the population may be infected with at least one intestinal parasite [4] . The data, however, are only rough estimates based on the results of a few screening studies.
The purpose of this study was to estimate the prevalence and species of intestinal parasites in the Afghan community as well as to establish appropriate treatment method for each of the detected pathogens. 
EXPERIMENTAL Study population

Sample collection
Three stool samples were collected from each patient (every second day), the samples were fixed in 10 % formalin, and transported to the Military Institute of Medicine in Poland, where they were tested by light microscopy using the methods of direct smear and decantation, both counterstained with Lugol's solution as well as Fülleborn's flotation technique. Each of the samples collected from every patient was tested by means of all three methods. Thus, a total of 6993 parasitological tests were performed.
Laboratory procedures
The diagnosis of intestinal parasites was performed by light microscopy using three stooltesting methods [5] as follows:
Direct smear in Lugol's solution
Approximately 2 mg of stool specimen was collected with a glass rod and applied onto a slide, a drop of Lugol's solution was added and the material was smeared over a 4 cm 2 surface. Next, a cover slide was placed on top of the preparation and the material was examined microscopically under x20 magnification.
Preparation from decantation in distilled water
Approximately 2 ml of stool specimen was mixed thoroughly with a small amount of water in a test tube. Next, water was added to the top of the tube and mixed again. After 30 min the supernatant was decanted and another portion of water was added. The procedure was repeated until clear supernatant was obtained, generally three to four times. The sediment was then placed on a slide and stained with Lugol's solution for microscopic examination at x40 magnification).
Preparation from Fülleborn's flotation
Approximately 2 ml of stool specimen was mixed with saturated sodium chloride, NaCl solution in a test tube. Next, the NaCl solution was added to the top of the tube. A cover slide was placed gently on top of the tube and in contact with the suspension. After 30 minutes, the cover slide was gently removed with tweezers and placed the wet side down on a slide. The preparation was ready for microscopic examination (x10 magnification).
Statistical analysis
Statistical analysis was performed using STATISTICA (data analysis software system) version 10 
RESULTS
The mean age in the study population of 777 Afghan children treated in Ghazni Provincial Hospital was 8.7 years (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The mean age of females was 8.7 and males 9.0 (range [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . The analysis of age and sex did not show statistically significant differences (Mann-Whitney U test 1.28, p = 0.2018). The mean age of children without infections was 8.7 and children with infections was 9.2 (range 1-17). The analysis of age and infection rates did not show statistically significant differences (Mann-Whitney U test 1.43, p = 0.1533). There were 296 (38.1 %) females and 481 (61.9 %) males in the study group. Infections were confirmed in 312 children (40.2 %) -106 females (34.0 %) and 206 males (66.0 %).
Parasitological examination, which revealed that 40.2 % of the children treated in GPH in eastern Afghanistan were infected with pathogenic intestinal parasites, and another 35.0 % with non-pathogenic protozoa [6] , helped implement appropriate treatment in line with current standards of the antiparasitic therapy [7] . Of the 312 children infected with nematodes (154, 19.7 %), cestodes (90, 11.6 %), trematodes (16, 2.1 %), and protozoa (135, 17.4 %), 67 were diagnosed with co-infections (mainly ascariasis + giardiasis; ascariasis + hymenolepiasis; giardiasis + hymenolepiasis; ascariasis + giardiasis + hymenolepiasis) and received complex therapy (albendazole + metronidazole; albendazole + praziquantel; metronidazole + praziquantel; albendazole + metronidazole + praziquantel) ( Table 1 ).
There were some statistically significant differences in the distribution of the types of intestinal parasites among the infected children (p < 0.001). The most common species were nematodes and protozoa (see Table 1 ).
The percentage of infections among males was significantly higher than among infected females (p = 0.0324). The analysis of the rates of infections with intestinal parasites among children by sex did not show any statistically significant differences (Figure 1 ). The analysis of the relationship between age and number of infections among children did not show statistically significant differences, both in males (R = 0.26, p = 0.3070) and females (R = 0.24, p = 0.3530).
The relationship between children's age/sex and the rates of parasitic infections was also examined.
The results of univariate and multivariate regression did not show statistically significant relationship between age, sex and infection effect among infected children.
DISCUSSION
The Afghan community, living in poor socioeconomic conditions and having a limited access to health care, is an example of a population characterized by a high rate of parasitic infections. In February and March 2003, the United Nations World Food Programme (WFP), in cooperation with the World Health Organization (WHO) and the Afghan Ministries of Health and of Education, conducted a crosssectional parasitological examination in a group of 1001 children aged 8-15 from four Afghan provinces (Kabul, Nangarhar, Farah, Kandahar). The survey revealed the presence of intestinal parasites in 47.2 % of the examined children. The most common pathogen was Ascaris lumbricoides, detected in 40.9 % of the population under study. The authors of the survey suggested that regular administration of single-dose chemotherapy (albendazole 400 mg or mebendazole 500 mg) would be a costeffective method of controlling soil-transmitted helminth infections at the public health level [8] . In September 2004, WFP announced that the deworming campaign which had started six months before involved more than 4.5 million school children aged 6-12 living in Afghanistan. The children were given a single oral dose of mebendazole. The total cost of deworming was approximately US$ 0.10 per child [9] . WHO recommends annual mass antihelminthic treatment of all school-age children in areas where the prevalence is >20 % or twice a year when the prevalence is >50 %, with the goal of preventing adverse effects on nutritional status, hemoglobin concentration and cognition in order to improve health, intellect and school attendance [10] . Improvements in sanitation and health education are also important interventions required in order to change practices and behaviors that reduce the transmission of intestinal parasites [11, 12] .
Preventive chemotherapy represents a powerful but short-term control strategy for parasitic infections of the gastrointestinal tract. Since humans are often re-infected rapidly, long-term solutions require improvements in water, sanitation, and hygiene (WASH). WASH interventions are diverse, potentially including improvements in water access (e.g., water quality, water quantity, and distance to water), sanitation access (e.g., access to improved latrines, latrine maintenance, and fecal sludge management), and hygiene practices (e.g., handwashing before eating and after defecation, water treatment, soap use, wearing shoes, and water storage practices) [13] .
Most mass deworming programs have been school-based because children tend to have the highest prevalence and intensity of infection [14] . The programs focus on geographic areas with a high prevalence, using drugs recommended by the WHO [15] . Effective chemotherapy includes mainly the use of mebendazole or albendazole, and occasionally pyrantel pamoate or levamisole in the intestinal nematode treatment [16] . However, the large-scale administration of antihelminthics might result in the development and spread of drug resistant nematodes [17] , which is already a significant problem in veterinary medicine [18] . Selected studies pointed, that the administration of a single dose of mebendazole lacked efficacy against hookworm infections among schoolchildren in Zanzibar [19] and Vietnam [20] . Keiser and Utzinger [17] reported high cure rates of single dose mebendazole and albendazole for Ascaris lumbricoides (90 %) and low cure rates in the same dose of mebendazole for Trichuris trichiura (36 %) and hookworm (15 %). In Rwanda, a national survey among more than 8000 schoolchildren in 30 districts found an overall soil transmitted helminths prevalence of 66 %. A repeat survey conducted one year after the standard deworming found a reduction in ascariasis and trichuriasis prevalence by 14 %, and increase in hookworm prevalence by 72 % [21] .
The central element in the global strategy of intestinal parasites control is preventive, repeated chemotherapy. Regular treatment aims at reducing the parasites burden below threshold associated with morbidity. The successful efforts to reduce morbidity in local population needed to be supplemented by more integrated and multisectoral approach to public health [16] . This human development agenda was the prime motivation for the highly successful national deworming program in South Korea. National surveys on the prevalence of intestinal parasitic infections in the Korean population have been carried out every 5-7 years since 1971 in order to establish control measures. The first survey conducted in 1971, showed an overall helminth egg positive rate of 84.3 % among Korean people. During the subsequent 30 years, Korea showed very high economic growth with a dramatic decrease of the helminth egg positive rate down to 2.4 % in 1997. In particular, A. lumbriocoides showed a decrease from 54.9 % in 1971 to 0.06 % in 1997. Other soil-transmitted helminths also presented decreases in the prevalence down to 0.007 % for hookworms and 0.04 % for T. trichiura [22] .
World Health Organization gave greater emphasis to deworming in specific age groups, especially pre-school children, school age children, and women of reproductive age, and in 2001 the World Health Assembly declared the goal of ensuring that 75 % of all school age children in endemic areas should receive treatment. Pharmaceutical companies have donated treatment specifically for deworming of school children: with 50 mg mebendazole treatments a year from Johnson & Johnson in 2007, rising to 200 mg in 2010, and 400 mg treatments of albendazole from GlaxoSmithKline in 2012. These donations have had broad impact, increasing the cost-effectiveness of deworming and heightening the attractiveness of deworming programs within public health systems [16] . The large donation of 600 million doses per year announced in the London Declaration (a declaration on neglected tropical diseases was based in part on a new WHO roadmap in UK in 2012) almost completely covers the estimated 610 million school aged children in need of preventive chemotherapy [23, 24] , but it does not cover pre-school children, women of child-bearing age or treatments more than once a year [25] . Owing to high prevalence of multiple infections (nematodes, cestodes, trematodes, protozoa) in the Afghan community, it seems that a mass deworming campaign with a single-dose chemotherapy (albendazole 400 mg or mebendazole 500 mg) may prove ineffective in eradicating intestinal parasites in the local population. The effectiveness of deworming may be enhanced by increasing the dosage of albendazole (400 mg for three-five days) [28, 29] or mebendazole (600 mg for three days) [30] or usage of complex therapy (albendazole 400 mg one dose, metronidazole 250 mg three times daily for five days, praziquantel 5-25 mg/kg one dose), which, considering the low cost of the medications, seems an acceptable form of the antiparasitic therapy.
Limitation of the study
The major limitation of this study is the 2 -4 week period between the collection of stool samples in Ghazni Provincial Hospital in Afghanistan and the examinationof fixed biological material after its transport to Poland.
CONCLUSION
Owing to high prevalence of multiple coinfections (ascariasis, giardiasis, hymenolepiasis) among inhabitants of Afghanistan, it seems that a mass deworming campaign aiming at eradicating intestinal parasites in the local population should be enhanced by increasing the dosage of albendazole or mebendazole or usage of complex therapy (albendazole, metronidazole, praziquantel).
